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FUEL CELL SYSTEM AND METHOD
THEREFOR

This 1s a 371 national phase application of PCT/JP2008/
054675 filed 7 Mar. 2008, which claims priority to Japanese
Patent Application No. 2007-057572 filed 7 Mar. 2007, the

contents of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a fuel cell system and more
particularly to a fuel cell system capable of decreasing an
output voltage of a fuel cell when carrying out a catalyst
activation process.

BACKGROUND ART

Hitherto, 1n a fuel cell system, adsorption of oxygen into a
catalyst layer of a fuel cell 1n operation causes a drop 1n an
output voltage of the fuel cell. In such a case, a process for
activating the catalyst layer of a fuel cell stack (1.e., reduction
process) 1s carried out by interrupting the supply of oxygen to
the fuel cell and decreasing the power generation voltage of
the fuel cell down to a reduced zone of the catalyst layer.

As a technique related to such a catalyst activation process
of a fuel cell, there has been proposed, for example, a tech-
nique wherein a low-voltage battery 1s used for an auxiliary
device constituting a hybrid fuel cell, and surplus power
which increases as voltage decreases during the catalyst acti-
vation process of the fuel cell 1s charged 1n the battery so as to
obviate wasting surplus power (the publication of Japanese

Patent Application Laid-Open No. 2005-346979).

DISCLOSURE OF INVENTION

However, the conventional technique does not give consid-
eration to determining the voltage decreasing speed of a tuel
cell while giving consideration to surplus power of the fuel
cell when carrying out the catalyst activation process of the
fuel cell. Hence, there have been cases where an inconve-
nience results when activating a catalyst layer of the fuel cell.
For example, increasing the fuel cell voltage reduction speed
in order to finish the catalyst activation process 1n shorter time
causes a sudden voltage drop 1n a state wherein there 1s a
plenty of a residual gas (oxygen). Hence, the amount of
surplus power increases and excessive power 1s supplied
accordingly. As a result, there has been a danger of causing
deteriorated performance, such as deteriorated durability, of a
load of the fuel cell or a battery (electric storage device).

Accordingly, the present invention has been made with a
view of the problem with the prior art described above, and an
object thereot 1s to determine a voltage reduction speed of a
tuel cell according to the receiving capability a device receiv-
ing surplus power generated by a fuel cell during a catalyst
activation process of the fuel cell.

To this end, a fuel cell system in accordance with the
present invention 1s a fuel cell system which reduces an output
voltage of a fuel cell to carry out a catalyst activation process,
comprising a controller which changes an output voltage
changing speed of the fuel cell for the catalyst activation
process according to a recerving capability of a device which
receives surplus power generated by the fuel cell.

With this arrangement, when the catalyst activation pro-
cess 1s carried out, the controller calculates a recerving capa-
bility (e.g., the power which can be charged into an electric
storage device and/or power which can be consumed by a
load), and controls the output voltage changing speed of the
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tuel cell for the catalyst activation process according to the
receiving capability, thus restraining the occurrence of sur-
plus power which may adversely affect a receiving device.

For instance, the receiving device 1s at least one of an
clectric storage device and a load of the fuel cell. The electric
storage device 1s constructed to be capable of being charged
with surplus power, and aload (e.g., auxiliary devices; such as
a hydrogen pump, a compressor, and a coolant pump, or a
traveling motor or the like) 1s constructed to be capable of
consuming surplus power, thus becoming the one which 1s
capable of recerving surplus power generated during the cata-
lyst activation process. However, the recetving devices are not
limited thereto; any other devices may be the receiving
devices as long as they are capable of being charged with
power or of consuming power.

The fuel cell system 1n accordance with the present inven-
tion 1s further equipped with a voltage converter which
changes an output voltage of the fuel cell and charges surplus
power generated by the fuel cell into the recerving device.
Further, when carrying out the catalyst activation process, the
controller calculates the receivable power of the receiving
device and limaits the output voltage changing speed of the
tuel cell 1in the voltage converter as the calculated power that
can be received 1s small.

With this arrangement, when carrying out the catalyst acti-
vation process, as the power which can be recerved 1s small,
that 1s, as the receivable power of a recerving device, which 1s
an object receiving surplus power generated by a fuel cell, 1s
smaller, the output voltage changing speed (changing rate) of
a fuel cell 1s limited (restrained/reduced), thereby restraining
sudden occurrence of surplus power attributable to a reduc-
tion 1n an output voltage of the fuel cell. Thus, even 1t the
receivable power of a recerving device becomes smaller, the
occurrence of surplus power generated i1s decreased as the
output voltage changing speed of the fuel cell 1s decreased
and therefore will not exceed the recerving capability (the
receivable power) of the receiving device. This restrains a
peak value of surplus power from increasing, adversely
aifecting the receiving device.

To constitute the fuel cell system, the following elements
may be added.

Preferably, the controller limits the output voltage chang-
ing speed of the tuel cell within a range 1n which the power
passing through the voltage converter does not exceed an
upper limit value of the voltage converter.

With this arrangement, as the output voltage of the fuel cell
decreases, the surplus power generated by the fuel cell comes
to pass through the voltage converter, and the output voltage
changing speed of the tuel cell 1s limited within the range 1n
which the passing power does not exceed the upper limit
value (permissible value) of the voltage converter, thus mak-
ing it possible to protect the voltage converter from 1influences
(such as heat) caused by the surplus power passing there-
through.

Preferably, the controller stops an operation for lowering
the output voltage of the fuel cell to a voltage suited to the
catalyst activation process when the calculated power which
can be received 1s smaller than predetermined set power.

With this arrangement, 11 calculated power which can be
received 1s smaller than set power which has been specified
beforehand, then it 1s determined that a receiving device 1s
unable to recerve surplus power and control 1s carried out to
stop the voltage lowering operation by the voltage converter,
thus making 1t possible to protect the recerving device.

Preferably, as the receiving device, an auxiliary device of
the fuel cell 1s further provided, and the controller drives the
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auxiliary device as a load of the tuel cell 1f the calculated
power which can be received 1s smaller than predetermined
set power.

With this arrangement, 11 calculated power which can be
received 1s smaller than the set power specified beforehand,
then 1t 1s determined that the electric storage device or a load
of the fuel cell 1s unable to receive surplus power, and the
additional auxiliary device 1s driven so as to allow surplus
power to be consumed by the auxiliary device. This makes 1t
possible to prevent the electric storage device from being
overcharged and also to increase the voltage reduction speed.,
as compared with the case where the auxiliary device 1s not
driven.

Further, a fuel cell system in accordance with the present
invention 1s a fuel cell system which reduces an output volt-
age ol a fuel cell when carrying out a catalyst activation
process, comprising: power calculating means which calcu-
lates power which can be received by at least one of an electric
storage device and a load of the fuel cell which will be an
object receiving surplus power generated by the fuel cell; and
voltage conversion controlling means which controls a volt-
age converter which changes an output voltage of the fuel cell
on the basis of the receivable power calculated by the power
calculating means, wherein the voltage conversion control-
ling means limits the output voltage changing speed of the
tuel cell as the receivable power calculated by the power
calculating means 1s smaller.

With this arrangement, when the catalyst activation pro-
cess 1s carried out, as the receivable power calculated by the
power calculating means 1s smaller, that 1s, as the receivable
power of at least one of the electric storage device and a load
of the fuel cell, which will be an object receiving surplus
power generated by the fuel cell, 1s smaller, the output voltage
changing speed of the fuel cell 1s limited so as to restrain
sudden generation of surplus power caused by a reduction 1n
the output voltage of the tuel cell. Thus, even 11 the receivable
power of at least one of the load of the fuel cell and the electric
storage device becomes small, surplus power 1s gradually
generated as the output voltage changing speed of the fuel cell
decreases and surplus power will not exceed the receiving
capability (the recervable power) of the load of the fuel cell or
the electric storage device. This makes 1t possible to restrain
a peak value of surplus power from increasing, adversely
alfecting the load of the fuel cell or the electric storage device.
Further, when the surplus power generated by the fuel cell 1s
charged 1nto the electric storage device as the output voltage
of the fuel cell decreases, the output voltage changing speed
of the tuel cell 1s limited within the range 1n which the passing
power which passes through the voltage converter does not
exceed the upper limit (permissible value) of the voltage
converter, thus making it possible to protect the voltage con-
verter from influences (such as heat) caused by surplus power
passing therethrough.

A control method of a fuel cell 1n accordance with the
present mvention 1s a control method of a fuel cell system
which lowers an output voltage of a fuel cell when carrying
out a catalyst activation process, comprising: a step for cal-
culating the power which can be recetved by a receiving
device which receives surplus power generated by the fuel
cell; and a step for changing an output voltage of the fuel cell
on the basis of a calculated power which can be received,
wherein the step for changing the output voltage of the fuel
cell limits the output voltage changing speed of the fuel cell as
the calculated power which can be received 1s smaller.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1: It 1s a system block diagram of a fuel cell system
illustrating an embodiment of the present ivention.
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FIG. 2: It1s an explanatory diagram of the principle of the
present invention, illustrating the flow of surplus power.

FIG. 3: It 1s a flowchart illustrating an operation of the
embodiment of the present invention.

FIG. 4: It 1s a wavetorm chart for explaining the operation
of the embodiment of the present invention.

FIG. 5: It 1s a wavelorm chart for explaining another opera-
tion of the embodiment of the present invention.

FIG. 6: It 1s a functional block diagram of the present
invention.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

The following will describe a fuel cell system 1n accor-
dance with an embodiment of the present invention with
reference to the accompanying drawings. In the present
embodiment, the description will be given to an example
wherein the present invention has been applied to a vehicle-
mounted power generation system of a fuel cell vehicle.
(Explanation of Configuration)

First, by referring to FIG. 1, the configuration of a fuel cell
system 1 1n accordance with the embodiment of the present
invention will be described.

As 1llustrated 1n FI1G. 1, the fuel cell system 1 according to
the present embodiment 1s equipped primarily with a fuel cell
2 which carries out power generation by receiving supplied
reactant gases (an oxidizing gas and a fuel gas) and generates
power by the power generation, an oxidizing gas piping sys-
tem 3 which supplies air as the oxidizing gas to the fuel cell 2,
a Tuel gas piping system 4 which supplies a hydrogen gas as
the fuel gas to the fuel cell 2, a power system 3 which charges/
discharges power of the system, and a controller 6 which
integrally controls the entire system.

The tuel cell 2 1s composed of, for example, a polymer
clectrolyte type and equipped with a stack structure having
multiple layered electric cells (cells). Each of the electric cells
of the fuel cell 2 has a cathode electrode (air electrode) on one
surface of an electrolyte formed of an 10n-exchange mem-
brane and an anode electrode (fuel electrode) on the other
surface, and an electrode which includes the cathode elec-
trode and the anode electrode uses, for example, a porous
carbon material as a base and platinum Pt as a catalyst (elec-
trode catalyst). The electric cell further has a pair of separa-
tors sandwiching the cathode electrode and the anode elec-
trode from both sides. The fuel gas 1s supplied to a fuel gas
passage of one separator, while the oxidizing gas 1s supplied
to an oxidizing gas passage of the other separator. The fuel
cell 2 generates power from the supplied gases. The tuel cell
2 1s provided with a current sensor (current detecting means)
2a which detects current being generated (output current), a
voltage sensor (voltage detecting means) 26 which detects a
voltage (output voltage), and a temperature sensor (tempera-
ture detecting means ) 2¢ which detects the temperature of the
fuel cell 2. The fuel cell 2 may come 1n a various types,
including a phosphoric acid type or a molten carbonate type,
in addition to the polymer electrolyte type.

The oxaidizing gas piping system 3 primarily has an air
compressor 31, an oxidizing gas supply flow path 32, a
humidifying module 33, a cathode off gas flow path 34, a
diluter 35, and a motor M1 which drives the air compressor
31.

The air compressor 31 1s driven by a driving force of the
motor M1 operated by a control command of the controller 6,
and supplies oxygen (oxidizing gas) taken 1n from open air
through an air filter, which 1s not shown, to the cathode
clectrode of the fuel cell 2. The motor M1 1s equipped with a
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revolution speed detection sensor 3a which detects the revo-
lution speed of the motor Ml. The oxidizing gas supply tlow
path 32 1s a gas passage for leading the oxygen supplied from
the air compressor 31 to the cathode electrode of the fuel cell
2. A cathode off gas 1s emitted from the cathode electrode of
the fuel cell 2. The cathode off gas contains pumping hydro-
gen or the like generated on the cathode electrode, 1n addition
to an oxXygen off gas after being subjected to a cell reaction of
the fuel cell 2. The cathode off gas 1s 1n a high-humidity state,

because 1t contains the moisture produced from the cell reac-
tion of the fuel cell 2.

The humidifying module 33 exchanges moisture between
the oxidizing gas 1n a low-humidity state which tlows through
the oxidizing gas supply tlow path 32 and the cathode off gas
in the high-humidity state which passes through the cathode
off gas tlow path 34, thereby appropriately humidifying the
oxidizing gas supplied to the fuel cell 2. The cathode off gas
flow path 34 1s a gas passage for discharging the cathode off
gas out of the system, an air regulator Al being provided 1n
the vicinity of a cathode electrode outlet of the gas passage.
The back-pressure of the oxidizing gas supplied to the fuel
cell 2 1s regulated by the air regulator Al. The diluter 35
dilutes the discharge concentration of the hydrogen gas to a
preset concentration range (e.g., a range established on the
basis of an environmental standard). The diluter 35 1s in
communication with the downstream of the cathode off gas
flow path 34 and the downstream of an anode oif gas flow path
44, which will be discussed hereinbelow, and a hydrogen off
gas and an oxygen off gas are mixed and diluted by the diluter
35 betore they are discharged out of the system.

The fuel gas piping system 4 mainly has a fuel gas supply
source 41, a fuel gas supply tlow path 42, a fuel gas circulation
flow path 43, the anode off gas flow path 44, a hydrogen
circulating pump 43, a check valve 46, and a motor M2 for
driving the hydrogen circulating pump 45.

The fuel gas supply source 41 1s a fuel gas supplying means
which supplies a fuel gas, such as a hydrogen gas, to the fuel
cell 2, and 1s constructed of, for example, a high-pressure
hydrogen tank or a hydrogen storage tank. The fuel gas supply
flow path 42 1s a gas flow path for leading a fuel gas dis-
charged from the fuel gas supply source 41 to the anode
clectrode of the tuel cell 2, and the gas tflow path 1s provided
with valves, such as a tank valve H1, a hydrogen supply valve
H2, and an FC inlet valve H3 from an upstream to a down-
stream. The tank valve H1, the hydrogen supply valve H2, and
the FC inlet valve H3 are shut valves for supplying (or cutting,
oll) afuel gas to the fuel cell 2, and these valves are composed
of, for example, solenoid valves.

The fuel gas circulation tlow path 43 is a return gas flow
path for refluxing an unreacted fuel gas to the fuel cell 2, and
the gas tlow path 1s provided with an FC outlet valve H4, a
hydrogen circulating pump 43, and a check valve 46, respec-
tively, from the upstream to the downstream. A low-pressure
unreacted fuel gas discharged from the fuel cell 2 1s appro-
priately pressurized by the hydrogen circulating pump 45
driven by a drniving force of the motor M2 operated by a
control command of the controller 6, and led to the fuel gas
supply tlow path 42. The back-flow of the fuel gas from the
tuel gas supply flow path 42 to the fuel gas circulation flow
path 43 1s restrained by the check valve 46. The anode off gas
flow path 44 1s a gas tlow path for exhausting an anode oif gas,
which contains a hydrogen off gas discharged from the fuel
cell 2, out of the system, and the gas flow path 1s provided with
a purge valve HS.

The power system 5 1s provided primarily with a high-
voltage DC/DC converter 51, a battery 52, a traction inverter
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6

53, an auxiliary inverter 54, a chopper circuit 55, an absorber
56, a traction motor M3, and an auxiliary motor M4.

The high-voltage DC/DC converter 51 1s a DC voltage

converter and has a construction corresponding to the voltage
converter 1n the present invention. The high-voltage DC/DC
converter 51 has a function which regulates a DC voltage
input from the battery 32 connected to the primary and out-
puts the regulated voltage to the traction inverter 53 con-
nected to the secondary, and a function which regulates a DC
voltage 1mput from the fuel cell 2 or the traction motor M3
connected to the secondary and outputs the regulated voltage
to the battery 52 connected to the primary. These functions of
the high-voltage DC/DC converter 51 implement the charg-
ing/discharging of the battery 52. The high-voltage DC/DC

converter 51 1s capable of maintaining and fixing a terminal

voltage of the secondary on the basis of a control signal from
the controller 6, and the high-voltage DC/DC converter 51 1s

constructed so as to arbitrarily control the output voltage of
the fuel cell 2. Further, the high-voltage DC/DC converter 51
1s constructed so as to be also capable of arbitrarily control-
ling the passing power from the primarily to the secondary or
the passing power from the secondary to the primary on the
basis of a control signal {from the controller 6.

The battery 352 1s a chargeable/dischargeable secondary
cell and composed of various types of secondary cells, such as
a nickel hydride battery. The battery 52 may be charged with
surplus power or supply auxiliary power under the control by
a battery computer, which 1s not shown. A part of DC power
generated by the fuel cell 2 1s boosted or stepped down by the
high-voltage DC/DC converter 51 and charged into the bat-
tery 52. The battery 52 1s provided with a SOC sensor 3a
which detects the state of charge (SOC.: State of Charge) of
the battery 52. In place of the battery 52, a chargeable/dis-
chargeable electric storage device other than the secondary
cell, e.g., a capacitor, may be adopted.

The traction mverter 53 and the auxiliary inverter 34 are
PWM 1verters of the pulse-width modulation type. These
iverters convert DC power output from the fuel cell 2 or the
battery 52 into three-phase AC power and then supply the
three-phase AC power to the traction motor M3 and the aux-
i1liary motor 4 according to a supplied control command. The
traction motor M3, which corresponds to a part of the load 1n
the present invention, 1s a motor for driving wheels 7L and 7R
(vehicle driving motor) and 1t 1s an embodiment of a load
motive power source. The traction motor M3 1s provided with
a revolution speed detection sensor 556 which detects the
number of revolutions thereof. The auxiliary motor M4,
which corresponds to a part of the load in the present inven-
tion, 1s a motor for driving various auxiliary devices, and
generically refers to M1 which drives the air compressor 31,
the motor M2 which drives the hydrogen circulation pump 45,
and the like.

The controller 6, which 1s constituted primarily of a CPU,
a ROM, and a RAM, relates to the controller 1n the present
invention. The controller 6 integrally controls each section of
the system on the basis of input sensor signals. Specifically,
the controller 6 calculates the required output power of the
fuel cell 2 on the basis of sensor signals sent out from an
accelerator (gas) pedal sensor 6a which detects the movement
of the accelerator (gas) pedal, the SOC sensor 5a, revolution
speed detection sensors 3a and 5b, the current sensor 24, the
voltage sensor 2b, the temperature sensor 2¢, and the like. At
this time, the controller 6 determines whether there 1s an
output request from the traction motor M3 on the basis of a
signal sent out from an operating unit 8 constituted mainly of
a shift lever for selecting the operation mode of the traction
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motor M3 (P: parking mode; R: reverse mode; N: neutral
mode; D: drive mode; and B: regenerative braking mode).

Then, the controller 6 controls the output voltage and the
output current of the fuel cell 2 to generate output power
based on the required output power. Further, the controller 6
controls output pulses and the like of the traction mverter 53
and the auxiliary inverter 54 to control the traction motor M3
and the auxiliary motor M4.

Further, adsorption of oxygen to the catalyst layer of the
tuel cell 2 causes the output voltage of the fuel cell 2 to fall, so
that the controller 6 interrupts the supply of oxygen to the fuel
cell 2 and lowers the power generation voltage of the fuel cell
2 to the reduced zone of the catalyst layer so as to carry out the
reduction process or refresh process for activating the catalyst
layer.

(Description of Principle)

Referring now to FIG. 2, the principle of operation 1n the
present embodiment will be described.

Continued use of the fuel cell 2 oxidizes the electrode
catalyst with resultant deteriorated power generation eifi-
ciency, so that the catalyst activation process is regularly
carried out. The catalyst activation process 1s carried out by
reducing the output voltage of the fuel cell 2 to a voltage level
at which the electrode catalyst develops a reductive reaction,
and 1t 1s also called a reduction process or a refresh process. It
1s preferred that the catalyst activation process 1s carried out in
a stabilized state wherein the required power amount of the
system 1s small and no power 1s required to be supplied
directly to the traction motor M3 from the fuel cell 2. For
example, the catalyst activation process 1s preferably carried
out 1n a so-called intermittent drive mode 1n which a vehicle
1s traveling from only the power supplied from the battery 52.

During the catalyst activation process, the output voltage of
the fuel cell 2 1s lowered by reducing the secondary terminal
voltage of the high-voltage DC/DC converter 51. Here, the
output current of the fuel cell 2 increases as the output voltage
of the fuel cell 2 reduces because of the current-voltage char-
acteristic (I-V characteristic) which the fuel cell 2 intrinsi-
cally has, thus causing the output power of the fuel cell 2 to
increase. The catalyst activation process 1s carried out basi-
cally i the state wherein required power to the system 1s
small, such as 1n the intermittent drive mode, so that most of
the increased output power of the fuel cell will inconveniently
become surplus power.

Therefore, as indicated by a flow 11 of power in FIG. 2, the
surplus power produced as the output voltage of the fuel cell
2 reduces 1s charged 1nto the battery 52 through the imnterme-
diary of the high-voltage DC/DC converter 51. The amount of
the surplus power tends to increase as the reduction speed
(reduction rate) of the output voltage of the fuel cell 2
Increases.

Conventionally, the high-voltage DC/DC converter 51 has
been controlled at a predetermined reduction speed of the
output voltage of the fuel cell 2. As long as the battery 52 1s
chargeable, there 1s no need for considering the reducing
speed of the output voltage of the fuel cell 2. However, there
1s a case where surplus power cannot be received by the
battery 52 alone. For example, there 1s a case where the
battery 52 has been charged to a certain level, leaving a less
amount of power which can be charged therein (the power
which can be charged).

To deal with the aforesaid case, according to the present
invention, the capability of a receiving device, such as the
battery 52, for receiving surplus power 1s detected, and the
output voltage changing speed of the fuel cell 2 for the cata-
lyst activation process 1s changed and controlled. More spe-
cifically, the tendency that the amount of surplus power gen-
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crated decreases as the output voltage changing speed of the
fuel cell 2 decreases 1s utilized, and control 1s carried out such
that the reduction speed of the output voltage of the fuel cell
2 1s decreased (the reducing rate 1s decreased) 11 the receiving
capability of a device which recerves surplus power, such as
the battery 52, 1s low.

However, 1t 1s not appropriate to set a low changing speed
of the output voltage of the fuel cell 2 from the beginning. A
low reducing speed of the output voltage of the fuel cell 2
means a longer time required for the output voltage to reach
the reduced zone of the electrode catalyst. The intermittent
drive mode during which the catalyst activation process 1s
carried out 1s enabled only 1n a stable vehicle traveling state;
therefore, if, for example, the accelerator (gas) pedal 6a or the
like 1s operated and the amount of load 1s increased, then the
intermittent drive mode has to be temporarily cleared. Mean-
while, 1n order to adequately implement the catalyst activa-
tion process, 1t 1s necessary to quickly lower the output volt-
age ol the fuel cell to a voltage i the reduced zone and
maintain the voltage for a predetermined period of time.
Hence, it 1s necessary to lower the output voltage of the fuel
cell to an output voltage 1n the reduced zone as quickly as
possible so as not to cause the catalyst activation process to be
cleared, and also necessary to maintain the voltage for pre-
determined time. For this reason, it 1s preferable for the sys-
tem to carry out dynamic control such that the output voltage
of the fuel cell 2 1s lowered at a reasonable speed and the
output voltage reduction speed 1s temporarily decreased only
i a special situation, such as a case where generated surplus
power cannot be charged or consumed, takes place.

Here, 11 the battery 52 does not have an allowance to receive
all surplus power of the fuel cell 2, then the surplus power 1s
consumed by a load device. Such a load device may be the
traction motor M3 or other auxiliary devices M (the compres-
sor M1, the hydrogen pump M2, and the auxiliary device M4
(a1r conditioner or the like)), which are loads of the tuel cell 2.
If the amount of power which can be charged 1nto the battery
52 1s small, then 1t 1s possible to use the atoresaid loads of the
tuel cell 2.

In a state wherein the traction motor M3 can be driven as
the load of the fuel cell 2, surplus power which cannot be
charged 1nto the battery 52 may be consumed by driving the
traction motor M3 which consumes relatively large power.
The surplus power 1s consumed as indicated by a flow 12 of
power 1illustrated 1n FIG. 2.

Meanwhile, the case where the traction motor M3 1s driven
means a situation 1n which the advancing state of the vehicle
1s 1nfluenced, so that the traction motor M3 cannot be a
receiving device which 1s always available. If the power
which can be received by the battery 52 1s a predetermined set
power level or less and the traction motor M3 cannot consume
surplus power, then it 1s possible for an auxiliary device M
other than the traction motor M3 to consume the surplus
power. More specifically, the surplus power of the fuel cell 2
1s consumed by the auxiliary device M according to a flow 13
of power 1llustrated in FIG. 2.

Further, 11 the power which can be charged makes the
battery 52 simply not adequate as an object for receiving
surplus power of the fuel cell 2, then stopping the catalyst
activation process 1s a concervable method. This 1s because, 1f
the catalyst activation process 1s interrupted and the output
voltage of the fuel cell 2 1s set back to an original high
potential avoiding voltage, then surplus power will not be
generated.

Meanwhile, 11 surplus power 1s charged 1n the battery 52
(the case of 11) or consumed by the auxiliary device M (the
case of 13), then the surplus power passes through the high-
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voltage DC/DC converter 51. If the power passing through the
high-voltage DC/DC converter 51 becomes excessive, then
there will be influences, such as the heat generation of ele-
ments, so that the passing power 1s generally restricted. In the
present embodiment, therefore, the controller 6 restricts the
output voltage changmg speed of the fuel cell 2 so as to
prevent the power passing through the high-voltage DC/DC
converter 51 from exceeding an upper limit value known
beforehand. If the power passing through the high-voltage
DC/DC converter 51 reaches the upper limit value or more,
then the reduction speed of the output voltage of the fuel cell
2 1s eased off even 1f the battery 52 has an allowance 1n 1ts
power charge capability or the auxiliary device M has an
allowance 1n 1ts power consuming capability. The processing
described above reduces the generation of surplus power, that
1s, the power passing through the high-voltage DC/DC con-
verter 51, thereby protecting the elements of the converter.

FIG. 6 1s a functional block corresponding to the aforesaid
principle of the present invention.

As 1llustrated 1n FIG. 6, the fuel cell system 1n accordance
with the present invention has a fuel cell 100 and an electric
storage device 102 connected via a voltage converter 101. A
first load 111 1s connected to the secondary to which the fuel
cell 100 of the voltage converter 101, and a second load 112
1s connected to the primary to which the electric storage
device 102 of the voltage converter 101 1s connected.

The fuel cell 100 corresponds to the fuel cell 2 of the
embodiment, the voltage converter 101 corresponds to the
DC/DC converter 51, and the electric storage device 102
corresponds to the battery 52, respectively. Further, the first
load 111 1s a load consuming relatively large power, such as
the traction motor M3, while the second load 112 i1s a load
consuming relatively small power, such as the auxiliary
motor M4. Whether the first load 111 and the second load 112
are to be connected to the primary or the secondary of the
voltage converter 101 may be determined for each system.

The fuel cell system 1s further equipped with a power
calculating means 120 and a voltage conversion controlling
means 121. Here, the power calculating means 120 and the
voltage conversion controlling means 121 correspond to the
controller 6 which receives detection signals from various
sensors and controls the system.

The power calculating means 120 1s a functional block
which calculates recervable power Pa of a device receiving
the surplus power generated by the fuel cell 100 (e.g., one or
more of the electric storage device 102, the first load 111, and
the second load 112 1n FIG. 6). The recervable power Pa may
be determined on the electric storage device 102 by referring,
to, Tor example, a SOC signal or the like indicating the state of
charge, on the first load 111 by, for example, checking
whether the operation of the first load 111 1s an enabled
operation mode (the mtermittent operation mode or the like)
or by referring to the power consumption of the first load 111.

The voltage conversion controlling means 121 1s a func-
tional block which controls, by means of a control signal Cicv
or the like, the voltage converter 101 which changes the
output voltage of the fuel cell 100 on the basis of the receiv-
able power Pa calculated by the power calculating means 120.

Here, as a first function, the voltage conversion controlling
means 121 carries out control such that the changing speed of
an output voltage Vic of the fuel cell 1s decreased as the
receivable power Pa calculated by the power calculating
means 120 1s smaller. In other words, the output voltage
reduction rate of the fuel cell 100 1s changed on the basis of
the recervable power Pa of the fuel cell 100.

As a second function, the voltage conversion controlling
means 121 may stop the operation for lowering the output
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voltage Vic of the fuel cell 100 to a voltage suited for the
catalyst activation process 11 the calculated recervable power
Pa 1s smaller than predetermined set power Pth2. This 1s an
extended version of the first function described above.

As a third function, the voltage conversion controlling
means 121 may limit the changing speed of the output voltage
Vic of the fuel cell 100 within a range 1n which power Ppass
passing through the voltage converter 101 does not exceed an
upper limit value Pmax of the voltage converter 101.

As a fourth additional function, the voltage conversion
controlling means 121 may drive the second load 112 if the
calculated recervable power Pa 1s smaller than predetermined
set power Pthl.

Incidentally, the receivable power Pa involves one or more
of the electric storage device 102, the first load 111, and the
second load 112, so that it may be calculated by totaling all the
power which can be charged 1n the electric storage device 102
and the power consumed by the first load 111 and the second
load 112. However, surplus power 1s consumed by normally
being charged 1n the electric storage device 102, so that the
receivable power Pa may be calculated as the power itself that
can be charged into the electric storage device 102. In the
following embodiment, the description will be given, assum-
ing that the recervable Pa is the power which can be charged
into the electric storage device 102 (the battery 52).
(Description of Operation)

Referring now to the tlowchart of FIG. 3, the operation of
the present embodiment will be described.

When the load state of the vehicle has become stable and
can be driven from the power supplied from the battery 52
alone, the intermittent drive mode 1s engaged, causing an
intermittent flag to turn ON. In step S10, the controller 6
determines whether the intermittent flag 1s ON. If 1t 15 deter-
mined 1n step S10 that the intermaittent flag 1s ON (YES), then
the controller 6 proceeds to step S11 1n which the controller 6
detects the internal temperature of the battery 52 on the basis
of a SOC signal from the SOC sensor 5a and acquires a SOC
value, 1.¢., the state of charge, of the battery 52. All power that
can be charged 1n the battery may be determined on the basis
of the battery temperature, and the charge amount at the
present point can be grasped from the SOC value, so that the
power that can be charged 1n the battery thereafter can be
calculated 11 the battery temperature and the SOC value are
known. Hence, the controller 6 proceeds to step S12 to cal-
culate the power that can be charged 1nto the battery 52 on the
basis of the battery temperature and the SOC value.

Subsequently, the controller 6 proceeds to step S13 to
determine whether the calculated power which can be
charged into the battery 52 1s larger than the preset threshold
value power Pthl. The threshold value power Pthl may be set
at a certain value which makes it possible to determine an
isuificient charge allowance of the battery 52. The charge
allowance degree depends also on the magnitude of surplus
power, so that the threshold value power Pthl may be also
dynamically changed and set on the basis of surplus power
which can be separately calculated 1n step S14 or the like.

In step S13, 1t the power which can be charged into the
battery 52 1s the threshold value power Pthl or more (YES),
then the controller 6 proceeds to step S14 to measure the
internal temperature of the fuel cell 2 by referring to a detec-
tion signal from the temperature sensor 2c.

Subsequently, the controller 6 proceeds to step S15 to
determine the reduction speed of the output voltage of the fuel
cell 2 on the basis of the fuel cell temperature. The generation
amount of surplus power 1s known to change according to the
internal temperature of the fuel cell 2. The controller 6 experi-
mentally determines beforehand appropriate voltage reduc-
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tion speeds associated with internal temperatures of the fuel
cell 2 and stores them 1n the form of a reference table. The
reference table 1s created by, for example, mapping a relation-
ship between output voltage reduction speeds which do not
cause excessive generation of surplus power and fuel cell
temperatures. The controller 6 takes an 1nternal temperature
of the fuel cell 2 as an mput value and refers to the reference
table to read a voltage reduction speed, which 1s an output
value. The voltage reduction speed may be recorded as, for
example, a voltage reduction amount from the last time at
cach predetermined control timing.

Here, the aforesaid first function of the controller 6 carries
out the calculation for easing oif the voltage reduction speed
on the basis of the generation amount of the aforesaid surplus
power 1n association with the power that can be charged into
the battery 52. More specifically, the controller 6 refers to a
SOC signal or the like indicating the state of charge of the
battery 52 to calculate the power that can be charged into the
battery 52, and carries out the calculation for easing oif the
voltage reduction speed according to the magnitude thereof.
As the power that can be charged (the recervable power Pa)
becomes larger, more surplus power can be charged, so that a
higher voltage reduction speed may be set. For instance, 11 the
gradient coellicient of a standard voltage reduction speed 1s
denoted as —k1, then the gradient coefficient after the easing
off may be represented as, for example, -k1-k2(0=k2<1:
k2 oPa).

Subsequently, the controller 6 proceeds to step S16 to
determine whether the power which can be charged into the
tuel cell 2 1s the predetermined threshold value power Pth2 or
less. The threshold value power Pth2 1s appropniate power for
casing off the reduction speed of the output voltage of the tuel
cell 2, and the Pth2 1s reasonably set to be higher the aforesaid
threshold value power Pthl at which the auxiliary device M
must be actuated to handle surplus power or the system must
be stopped; however, the Pth2 1s not limited thereto.

In step S16, 1f the power which can be charged is the
threshold value power Pth2 or less (YES), then the controller
6 proceeds, as the aforesaid second function, to step S17 to
stop the voltage reduction process calculated 1n step S15. For
example, 1f the voltage reduction speed 1s calculated as a tilt
ol a voltage reduction straight line, then the coellicient of the
t1lt 1s set to zero. In step S16, 1f the power which can be
charged 1s larger than the threshold value power Pth2 (NO),
then the controller 6 determines that there 1s a sullicient
allowance and does not stop the voltage process.

In step S18, the controller 6 outputs to the high-voltage
DC/DC converter 51 a control signal for maintaining a
present output voltage value of the fuel cell 2 based on the
determined voltage reduction speed at a voltage of the sec-
ondary. Repeating the process at each given control timing,
that 1s, implementing the control flowchart at each control
timing causes the output voltage of the fuel cell 2 to reduce at
a voltage reduction speed based on the power which can be
charged 1nto the battery 52.

During the voltage reduction period, the controller 6 pret-
erably monitors the power Ppass passing through the DC/DC
converter 51. If the passing power Ppass exceeds an upper
limit value Pmax of the passing power which has been preset
to protect the converter, then the controller 6 implements the
aforesaid third function to ease oif the voltage reduction
speed. The easing-oil speed may be considered 1n the same
manner as that for step S17.

Meanwhile, 1n step S13, 1f the power which can be charged
into the battery 52 1s the threshold value power Pthl or less
(NO), then it indicates that charging the battery 52 with sur-
plus power 1s impossible. Therefore, the controller 6 proceeds
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to step S20 to implement the atoresaid fourth function thereof
whereby to determine whether the auxiliary devices M are 1n
an enabled state, and 1f the auxiliary devices M are in the
enabled state (YES), then the controller 6 proceeds to step
S21 to operate the auxiliary devices M for certain time. This
process causes the surplus power to be consumed by the
auxiliary devices M.

Incidentally, the auxiliary devices M include the compres-
sor M1, the hydrogen pump M2, and an auxiliary device M4
(air conditioner or the like), so that each of the auxiliary
devices 1s determined whether it 1s 1n an enabled state, and
only auxiliary devices that are 1n the enabled state can be
selected and operated. Since the traction motor M3 consumes
large power, if surplus power can be supplied to the traction
motor M3, then the surplus power can be supplied to the
traction motor M3. If surplus power i1s insufficient as the
driving power of the traction motor M3, then control can be
carried out to supply power which makes up for the deficiency
to the traction motor M3 from the battery 52.

In step S20, 11 none of the auxiliary devices M are enabled
or only small power, as compared with surplus power, can be
consumed (NO), then the controller 6 decides that 1t 1s no
longer possible to continue the voltage reduction and no
longer possible to continue the catalyst activation process,
and proceeds to step S22 to switch the intermittent flag to
OFF. When the intermittent tlag 1s reset, even if the process 1s
called for next time, the determination result 1n step S10 will
be NO, and the catalyst activation process will not be carried
outuntil the timing for the next intermittent drive mode comes
and the intermittent flag 1s set.

In the process described above, the first function has setthe
reasonable voltage reduction speed at the beginning, and the
second function has stopped the voltage reduction operation,
depending on whether the power which can be charged into
the battery 52 is the threshold value power Pth2 or less.
Alternatively, however, the voltage reduction speed may be
continuously changed according to changes in the power
which can be charged during the voltage reduction process.
This 1s because the power which can be charged indicates an
allowance power that can be supplied to the battery 52 and
changes with the elapse of time, so that dynamically changing
the voltage reduction speed according to the changes therein
permits control with better trackability.

FIG. 4 illustrates the waveforms of sections of the system
controlled by applying the present embodiment.

FIG. 4(a) 1llustrates a state wherein the mtermittent flag,
which validates the intermittent drive mode regularly imple-
mented by the controller 6, has been set.

FIG. 4(b) illustrates changes 1n output voltage of the fuel
cell 2 controlled by the high-voltage DC/DC converter 51
under the control 1n the present embodiment. A case where
the power that can be charged into the battery 52 1s large and
the voltage reduction speed can be set to a relatively high
speed 1s denoted by a voltage reduction characteristic VS,
while a case where the power which can be charged 1s small
and the voltage reduction speed has to be set ata relatively low
speed 1s denoted by a voltage reduction characteristic VS2. A
voltage V0 denotes a high potential avoiding voltage 1n a
normal drive mode, and a voltage V1 denotes a target reduc-
tion voltage providing a target of the catalyst activation pro-
CEeSS.

FIG. 4(c¢) 1llustrates the output power characteristic of the
tuel cell 2. The calculation may be accomplished from an I-V
characteristic or from an output current indicated by a detec-
tion signal of the current sensor 2a and an output voltage
indicated by a detection signal of the voltage sensor 2b. Power
P1 denotes generated power (surplus power) of fuel cell when
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the voltage 1s reduced by the voltage reduction characteristic
V51, and power P2 denotes generated power (surplus power)
of the fuel cell when the voltage 1s reduced by the voltage
reduction characteristic VS2.

FI1G. 4(d) 1llustrates the power which can be charged 1nto
the battery 52. PA1 denotes the power which can be charged
in the case of the voltage reduction characteristic VS1, and
PA2 denotes the power which can be charged 1n the case of the
voltage reduction characteristic VS2.

As 1llustrated 1n FIG. 4(a), 1 the intermaittent flag for car-
rying out the intermittent operation of the fuel cell 2 1s set at
timing t1, then the controller 6 lowers the output voltage of
the fuel cell 2 and starts the catalyst activation process to
activate a catalyst. At this time, the high-voltage DC/DC
converter 51 specifies the voltage reduction characteristic
VS1 which depends on the recervable power Pa of the battery
52 at that time, starting from the high potential avoiding
voltage (standby voltage) V0 toward the target reduction volt-
age (voltage suited for the catalyst activation process) V1.

Here, as the first function, the controller 6 changes the
voltage reduction speed such that the voltage reduction speed
decreases as the power which can be charged 1nto the battery
52 decreases, thereby setting a voltage. reduction character-
1stic with a gentle slope like the voltage reduction character-
1stic VS2.

The voltage reduction characteristic VS1 has a steeper
voltage reduction slope than the voltage reduction character-
1stic VS2 does, so that the generation amount of surplus power
1s larger when the voltage reduction characteristic VS1 1s
selected than when the voltage reduction characteristic VS2 1s
selected, as 1llustrated 1n FIG. 4(c).

Here, the surplus power 1s sequentially charged into the
battery 52 according to the flow of 11 1 FIG. 2, so that the
power which can be charged into the battery decreases as the
charge amount 1ncreases, as illustrated in FIG. 4(d).

When the threshold value power Pthl is reached at time 12,
the aforesaid steps S20 and S21 are implemented, and the
controller 6 starts driving the traction motor M3 or the aux-
iliary devices M on the basis of the atoresaid fourth function.
If the surplus power cannot be consumed by these load
devices, then the controller 6 carries out the aforesaid step
S22 to interrupt the catalyst activation process.

As the amount of surplus power decreases with the oxidiz-
ing gas process or as the power 1s consumed by the load
devices, the power which can be charged into the battery 52
increases accordingly, as indicated by PA1. Then, when the
threshold value power Pth1 1s exceeded at time t3, the drive of
the load devices 1s stopped.

When the output voltage of the fuel cell 2 reaches the target
catalyst voltage V1 and voltage reduction stops, the surplus
power 1s no longer generated, so that the battery 52 enters a
discharging zone and power consumption begins. At this
time, an electrochemical reaction proceeds in the reduction
zone at the electrodes of the fuel cell 2, so that the oxidized
clectrode catalyst 1s reduced and activated.

When the intermaittent flag 1s reset at time t4, the catalyst
activation 1s stopped, and the output voltage of the tuel cell 2
increases toward the high potential avoiding voltage V0, as
illustrated in FIG. 4(b).

FI1G. 51llustrates the wavetorms observed in the case where
the reduction speed of the output voltage of the fuel cell 2 1s
changed during the catalyst activation process.

As 1llustrated in FIG. 5(a), when the intermittent tlag 1s set
to ON, the controller 6 controls the high-voltage DC/DC
converter 51 to lower the output voltage of the fuel cell 2 by
the voltage reduction characteristic VS1 from the high-poten-
tial avoiding voltage (standby voltage) VO toward a target
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voltage (a voltage suited for the catalyst activation process)
V1. At thus time, based on the power which can be charged
into the battery 52, the controller 6 may ease off the voltage
reduction characteristic according to the first function.

As 1llustrated 1 FIG. 5(b), 1n the case where the power
which can be charged into the battery 32 exceeds the thresh-
old value voltage Pth2 at the timing t1, the controller 6 con-
trols the high-voltage DC/DC converter 51 according to the
second function to change the gradient coefficient of the
voltage reduction speed to the voltage reduction characteris-
tic VS2 which 1s smaller than that of the voltage reduction
characteristic VS1 (including zero). Thereatter, if the power
charged into the battery 52 decreases below the threshold
value Pth2 at the timing t2, then the output voltage reduction
speed 1s returned to the original voltage reduction character-
1stic VS1 and the output voltage of the fuel cell 2 1s reduced
toward the target voltage V1 by the voltage reduction charac-
teristic VS1.

Thus, by controlling the voltage reduction speed of the
output voltage of the fuel cell 2 such that the power which can
be charged 1n the battery 52 leads to a fastest voltage reduc-
tion speed, 1t 1s possible to quickly lower the output voltage of
the fuel cell 2 to the target reduction voltage V1 and to protect
the battery 52 from overcharge.

In the voltage reduction process, 1f the power Ppass passing,
through the DC/DC converter 51 exceeds the upper limit
value of the high-voltage DC/DC converter 51 or threshold
value power Pmax, which 1s slightly larger than the upper
limit value of the high-voltage DC/DC converter 51, then the
third function of the controller 6 may carry out control so as
to change the output voltage reduction speed to the voltage
reduction characteristic VS2, which 1s slower than the voltage
reduction characteristic VS1, and thereafter, return the output
voltage reduction speed to the original reduction characteris-
tic VS1 when the passing power Ppass has reached the upper
limit value or less of the high-voltage DC/DC converter 31.

In this case, the reduction speed of the output voltage o the
tuel cell 2 1s restricted such that a fastest reduction speed 1s
obtained within a range 1n which the passing power for charg-
ing the battery 52 with the surplus power generated by the tuel
cell 2 does not exceed the upper limit value Pmax of the
high-voltage DC/DC converter 51. This makes 1t possible to
quickly lower the output voltage of the fuel cell 2 to the target
voltage V1 and to protect the high-voltage DC/DC converter
51 from damage caused by excessive passing power.
(Advantages of the Embodiment)

Thus, according to the present embodiment described
above, based on the first function, the changing speed of the
output voltage of the fuel cell 2 has been limited as the
receivable power Pa (the power that can be charged into the
battery 52 1n the embodiment) determined by comprehen-
stvely considering the power that can be charged into the
battery 52 and/or the power that can be consumed by loads
decreases during the catalyst activation process, thus making
it possible to restrain sudden occurrence of surplus power
caused by a reduction 1n the output voltage of the fuel cell 2.
Hence, control 1s carried out such that even when the charge-
able power of the battery 52 decreases, the output voltage
changing speed of the fuel cell 2 decreases accordingly. Thus,
the generation amount of surplus power decreases accord-
ingly, so that the surplus power will not exceed the power
which can be charged 1n the battery 52. This makes 1t possible
to prevent damage to the battery 52.

Further, according to the aforesaid embodiment, when the
value of the power that can be charged into the battery 52 1s
smaller than set power, the controller 6 may cause the DC/DC
converter 51 to stop (including the case of easing off) the
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operation for reducing the output voltage of the tuel cell 2 to
a voltage suited to the catalyst activation process by using the
second function. In this case, 1t 1s determined that the battery
52 does not have the capability of recerving surplus power and
the process of reducing the voltage reduction speed or the
process of voltage reduction by the DC/DC converter 51 1s
stopped, thus allowing the battery 352 to be protected from
overcharge.

Further, according to the present embodiment, based on the
third function, the controller 6 restricts the reduction speed of
the output voltage of the fuel cell 2 such that a fastest reduc-
tion speed 1s obtained within a range 1n which the passing

power for charging the battery 32 with the surplus power
generated by the fuel cell 2 does not exceed the upper limait
value Pmax of the high-voltage DC/DC converter 51 during
the catalyst activation process. This also makes 1t possible to
protect the high-voltage DC/DC converter 51 from damage
attributable to excessive passing power.

Further, according to the embodiment, when the value of
the power that can be charged into the battery 52 1s small, the
controller 6, based on the fourth function, drives auxihary
devices as loads of the fuel cell 2 during the catalyst activation
process. Hence, by making auxiliary devices consume sur-
plus power, auxiliary device loss can be increased, overcharge
of the battery 52 can be prevented, and the voltage reduction
speed of the fuel cell 2 can be made faster as compared with
the case where no auxiliary devices are driven.

As described above, according to the invention of the
present application, the recervable power 1s comprehensively
considered to dynamically control the voltage reduction
speed, making 1t possible to protect the high-voltage DC/DC
converter 31 from damage caused by excessive power passing
therethrough, protect the battery 52 from overcharge, and set
a fastest voltage reduction speed within a permissible range,
thus permitting a prompt catalyst activation process to be
achieved.

The mvention claimed 1s:

1. A fuel cell system that reduces an output voltage of a tuel
cell to carry out a catalyst activation process, comprising:

a controller that changes a changing speed of the output
voltage of the fuel cell for the catalyst activation process
according to a recerving capability of a recerving device
of surplus power generated by the tuel cell.

2. The fuel cell system according to claim 1, wherein the
receiving device 1s at least one of an electric storage device
and a load of the fuel cell.

3. The fuel cell system according to claim 1, further com-
prising:

a voltage converter that changes the output voltage of the
tuel cell and charges surplus power generated by the fuel
cell into the recerving device,

wherein at the time of the catalyst activation process, the
controller

calculates a receivable power of the recerving device, and

limits the changing speed of the output voltage of the fuel
cell 1n the voltage converter as the calculated receivable
power 1s smaller.

4. The fuel cell system according to claim 3, wherein

the controller limits the changing speed of the output volt-
age of the fuel cell within a range 1n which the passing
power of the voltage converter does not exceed an upper
limit value of the voltage converter.

5. The fuel cell system according to claim 1, wherein

the controller stops an operation for lowering the output
voltage of the fuel cell to a voltage suited to the catalyst
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activation process in the case where the receivable
power that has been calculated 1s smaller than predeter-
mined set power.

6. The fuel cell system according to claim 2, further com-
prising an auxiliary device of the fuel cell as the recetving
device, wherein

the controller drives the auxiliary device as a load of the

fuel cell 1n the case where the receivable power which
has been calculated 1s smaller than predetermined set
POWE.

7. A 1uel cell system which reduces an output voltage of a
tuel cell to carry out a catalyst activation process, comprising:

power calculating device that calculates recervable power

of a recerving device of surplus power generated by the
fuel cell; and

voltage conversion controlling device that controls a volt-

age converter which changes an output voltage of the
fuel cell on the basis of the recervable power calculated
by the power calculating device,

wherein the voltage conversion controlling device limits

the changing speed of the output voltage of the fuel cell
as the receivable power calculated by the power calcu-
lating device 1s smaller.

8. The fuel cell system according to claim 7, wherein

the voltage conversion controlling device limits the chang-

ing speed of the output voltage of the fuel cell within a
range 1n which power passing through the voltage con-
verter does not exceed an upper limit value of the voltage
converter.

9. The fuel cell system according to claim 7, wherein

the power conversion controlling device stops an operation

for decreasing the output voltage of the fuel cell to a
voltage suited to the catalyst activation process 1n the
case where the recervable power that has been calculated
1s smaller than predetermined set power.

10. The fuel cell system according to claim 7, further
comprising an auxiliary device of the fuel cell as the receiving
device, wherein

the power conversion controlling device drives the auxil-

1ary device as a load of the fuel cell in the case where the
receivable power that has been calculated 1s smaller than
predetermined set power.

11. A control method of a fuel cell system which decreases
an output voltage of a fuel cell to carry out a catalyst activation
process, comprising:

calculating receivable power of a receiving device of sur-

plus power generated by a fuel cell; and

changing an output voltage of the tuel cell on the basis of

the calculated receivable power, wherein

when changing the output voltage of the fuel cell,

the changing speed of the output voltage of the fuel cell 1s

decreased as the calculated receivable power 1s smaller.

12. The control method of a fuel cell system according to
claim 11, wherein when changing the output voltage of the
fuel cell,

the changing speed of the output voltage of the fuel cell 1s

limited within a range in which passing power of the
receivable power in the voltage converter does not
exceed an upper limait value of the voltage converter.

13. The control method of a fuel cell system according to
claim 11, wherein when changing the output voltage of the

fuel cell,
an operation for decreasing the output voltage of the fuel
cell to a voltage suited to the catalyst activation process
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1s stopped 1n the case where the recervable power that the auxiliary device 1s driven as a load of the fuel cell in the
has been calculated 1s smaller than predetermined set case where the recervable power that has been calculated
POWET. 1s smaller than predetermined set power.

14. The control method of a fuel cell system according to
claim 11, wherein when changing the output voltage of the 5
fuel cell, £ % % % %
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